We present a large parameter study where we investigate the structure of white dwarf (WD) merger remnants after the dynamical phase. A wide range of WD masses and compositions are explored and we also probe the effect of different initial conditions. We investigated the degree of mixing between the WDs, the conditions for detonations as well as the amount of gas ejected. We find that systems with lower mass ratios have more total angular momentum and as a result more mass is flung out in a tidal tail. Nuclear burning can affect the amount of mass ejected. Many WD binaries that contain a helium-rich WD achieve the conditions to trigger a detonation. In contrast, for carbon-oxygen transferring systems only the most massive mergers with a total mass M 2.1M detonate. Even systems with lower mass may detonate long after the merger if the remnant remains above the Chandrasekhar mass and carbon is ignited at the centre. Finally, our findings are discussed in the context of several possible observed astrophysical events and stellar systems, such as hot subdwarfs, R Coronae Borealis stars, single massive white dwarfs, supernovae of type Ia and other transient events. A large database containing 225 white dwarf merger remnants is made available via a dedicated web page.
INTRODUCTION
White dwarfs are the most common outcomes of stellar evolution. It is estimated that there are about 10 10 WDs in our Galaxy (Napiwotzki 2009 ) out of which 2.5 × 10 8 reside in binaries consisting of two white dwarfs (Nelemans et al. 2001) . About half of these are close enough (typical orbital periods 8 hr) that gravitational wave emission can drive them to a phase of mass transfer within a Hubble time. In recent years, surveys such as the ESO SN Ia Progenitor Survey (SPY) and Sloan Digital Sky Survey (SDSS) have drastically increased the number of known detached and interacting WD binaries (e.g. Napiwotzki et al. 2004; Nelemans 2005; Kilic et al. 2011) . Among the about 50 known WD binaries, there are four eclipsing WD systems that allow for a very precise measurement of the masses and radii of both components (Steinfadt et al. 2010; Parsons et al. 2011; Brown et al. 2011; Vennes et al. 2011 ). The gravitational E-mail: marius.dan@hs.uni-hamburg.de waves (GWs) produced by some of these systems will be within the detection limit and used as verification sources for the future space-based gravitational wave facilities, such as eLISA/NGO (Nelemans 2009; Marsh 2011; Amaro-Seoane et al. 2012 ).
Mass transfer critically affects the further evolution of the binary. Depending on whether it is stable or not, the WD binary may either survive the initial mass-transfer phase to become a semi-detached system or else end up merging completely. The stability of mass transfer depends sensitively on (i) the response of the two WDs to the mass transfer, (ii) on the stars' masses and (iii) on various angular momentum transport mechanisms (e.g. Marsh et al. 2004; Gokhale et al. 2007 ).
Once the WDs have merged, the subsequent evolution may lead to a flurry of different outcomes including Herich hot subdwarfs of spectral type B (sdB; Saio & Jeffery 2000; Han et al. 2002; Heber 2009 ) and O (sdO), R Coronae Borealis (RCB) stars (Webbink 1984; Iben et al. 1996; Justham et al. 2011; Jeffery et al. 2011; Clayton 2012) , massive carbon/oxygen (CO) or oxygen/neon (ONe) WDs (Bergeron et al. 1991; Segretain et al. 1997) , explosions as supernova Type Ia (SN Ia; Webbink 1984; Iben & Tutukov 1984) , an accretion-induced collapse (AIC) to a neutron star (NS) (Saio & Nomoto 1985; Nomoto & Kondo 1991; Saio & Nomoto 2004) or perhaps even to a black hole (BH). For a chart that summarises the possible outcomes of WD mergers see Figure 1 .
Type Ia SN find ample use as cosmological distance indicators, but, despite the existence of well-established correlations, the identity of the companion that donates the mass and the exact nature of the explosion mechanism have remained unclear. The idea that WD mergers near the Chandrasekhar mass could cause SNe Ia has been formulated decades ago (Iben & Tutukov 1984; Webbink 1984) and particularly massive cases would be natural candidates to explain particularly bright events (for example SNLS-03D3bb is more than twice as bright as a normal SN Ia; see Howell et al. 2006 ). More recently, it has been realized that also WD-WD systems with a total mass below the Chandrasekhar mass could be responsible for (at least a fraction) of SN Ia (Rosswog et al. 2009a; Sim et al. 2010; van Kerkwijk et al. 2010; Woosley & Kasen 2011) .
A He, or hybrid He-CO, plus a CO WD could possibly lead to a thermonuclear runaway and hence a nova or a SN explosion prior or at the merger time (Guillochon et al. 2010; Dan et al. 2012) . Guillochon et al. (2010) found that KelvinHelmholtz instabilities are able to trigger He explosions at the surface of the accretor if mass transfer is highly unstable (i.e. largeṀ ) and occurs in the direct impact regime. A second detonation could be triggered by shock compression in the CO core leading to spectra and light-curves similar to "normal" SNe Ia (e.g. Sim et al. 2010) . If the core fails to detonate, these events may resemble sub-luminous SNe Ia/Ib (Shen et al. 2010; Waldman et al. 2011) . Alternatively, if the explosion during mass transfer is avoided, they could undergo hydrodynamical burning when the donor is tidally disrupted and plunges onto the more massive WD.
In order to understand the wealth of possible outcomes of WD-WD mergers, an exhaustive parameter study is required. Here we study these properties minutes after the merger of 225 WD-WD systems covering a large range of WD masses and chemical compositions. Our study is complementary to the work of Guerrero et al. (2004) ; Lorén-Aguilar et al. (2009) ; Raskin et al. (2011) ; Zhu et al. (2013) . These studies investigated a smaller parameter space, used different initial conditions (with the exception of Raskin et al. 2011) and Zhu et al. (2013) did not included the feedback from nuclear burning.
We investigate whether minutes after the WD merger the conditions for hydrodynamical burning (i.e. characteristic time for heating by nuclear reactions becomes faster than the dynamic response time) that could trigger a supernova or supernova-like explosion are reached. This is complementary to the study of Guillochon et al. (2010) ; Dan et al. (2011 Dan et al. ( , 2012 where we investigated whether hydrodynamical burning occurs during mass transfer or, later, during the final coalescence.
We provide a large database containing the thermodynamic and rotational profiles via the web page www.hs.uni-hamburg.de/DE/Ins/Per/Dan/wdwd_remnants, so that they can be used for subsequent stellar evolution studies. This paper is organized as follows: in Section 2 we briefly describe our numerical methods and in Section 3 we present our results in detail. Specifically, §3.1 is devoted to the structure of the merger remnants, § 3.2 to a comparison between the results obtained with corotating and nonrotating initial conditions, § 3.3 to an analysis of mixing between the binary components, § 3.4 to whether conditions for hydrodynamical burning occur, § 3.5 to a discussion of how the unbound mass and angular momentum depend on the stars' masses, § 3.6 to a resolution dependence study and § 3.7 to a detailed comparison to previous work. In Section 4 we discuss the applications of our simulations to astrophysical systems. In Section 5 we summarize our results.
NUMERICAL METHODS AND INITIAL CONDITIONS
Our numerical code and initial conditions have been described in detail in the literature (Rosswog et al. 2004 (Rosswog et al. , 2008 Dan et al. 2011 Dan et al. , 2012 , therefore we only briefly summarize the main ingredients of the adopted approach. We use a 3D smoothed particle hydrodynamics (SPH; for recent reviews see Monaghan 2005; Rosswog 2009 ) code that treats shocks by means of an artificial viscosity scheme with time dependent parameters (Morris & Monaghan 1997; Rosswog et al. 2000) so that viscosity is essentially absent unless it is triggered. Moreover, a switch is applied to suppress the viscous forces in pure shear flows (Balsara 1995) . We use the binary tree of Benz et al. (1990) to search the SPH neighbors and to calculate the gravitational forces. The code uses the Helmholtz equation of state (Timmes & Swesty 2000) which is coupled to the minimal nuclear reaction network of Hix et al. (1998) to include the energetic feedback onto the gas and to obtain (approximate) information on the nuclear composition.
To construct the initial stars the SPH particles are placed on a stretched hexagonal lattice (Rosswog et al. 2009b ) and provided with the properties derived from solving the Lane-Emden equations. The particle distribution is subsequently relaxed in isolation at T = 10 5 K and a velocity-dependent force is applied to drive them to equilibrium. As before , we use exemplary chemical compositions, in nature also alternative compositions may be realized that depend on the exact evolutionary history of the stars. Below 0.45 M our WDs are made of pure helium, between 0.45 and 0.6 M they have a 0.1 M helium mantle and a pure carbon-oxygen core (mass fractions X( 12 C) = 0.5 and X( 16 O) = 0.5); between 0.6 and 1.05 M WDs are made entirely of carbon-oxygen with mass fractions X( 12 C) = 0.4 and X( 16 O) = 0.6 uniformly distributed through the star and above 1.05 M they are made of oxygen, neon and magnesium with X( Figure 1 . Binary evolution predicts that a good fraction of the total number of double white dwarf systems will come into contact within a Hubble time and, via merging, they could lead to a variety of outcomes, depending mainly on the masses of the donor and the accretor, M don and Macc, respectively. The potential WD merger products are helium-rich subdwarfs (sdB and sdO stars), R Coronae Borealis stars, high-mass CO/ONe white dwarfs, neutron stars, Type Ia supernovae and low-mass black holes, see text for additional details. The hashed region roughly marks the region where we found helium-detonations during the mass transfer and at the merger moment (see Dan et al. 2011 Dan et al. , 2012 . As we will show in Section 3, minutes after the merger a good fraction of these systems can still undergo dynamical burning. moment when numerically resolved mass transfer sets in (our initial mass transfer rates are well above the Eddington limit). The work of Fuller & Lai (2012) ; Burkart et al. (2012) suggests that a coupling between tides and stellar pulsations may drive the binary to a corotating state prior to mass transfer initiation. Since it is physically plausible and computationally convenient, we start our simulations from corotating initial conditions. The technical procedure how to construct an equilibrium fluid configuration has been explained in detail before (Rosswog et al. 2004; Dan et al. 2011 ) and we refer the interested reader to this work and the references cited therein. In Dan et al. (2011) we had demonstrated the sensitivity of the orbital and mass transfer evolution on the initial conditions. In particular we found that approximate initial conditions can underestimate the duration of the phase of (numerically resolvable) mass transfer by orders of magnitude and that they, containing the wrong amount of angular momentum, also impact on the resulting remnant structure. Generally, approximate initial conditions lead to a too fast inspiral and to too large densities and temperatures. How serious this is for the further evolution depends on the system under consideration.
We scan the parameter space with as many as 225 simulations which are summarized in Table A1 in the appendix. The masses of the donor stars range from 0.2 to 1.05 M , those of the accretors from 0.2 to 1.2 M , both ranges are probed in steps of 0.05 M . In this broad parameter scan, each binary system is modeled with only 40 000 SPH par- Figure 2. Remnant evolution for the 0.45 + 0.45 M system between 2 (red line), 3 (blue line) and 4 (black line) times the initial period since the merger moment, tmerger. Shown are density (left), temperature (center) and angular velocity (right) profiles, averaged over equipotential surfaces, as a function of enclosed mass from the center of the accretor. The evolution of the remnant at this stage is driven by the artificial viscosity. The core is spun up and evolves towards rigid rotation, the temperature increases overall and the density is increasing in the core and decreasing in the outer regions. Overall the properties do not change much and as the remnant evolves there is even less variation in its properties.
ticles. While this does certainly not yield fully converged results, our analysis in §3.6 suggests that the qualitative results and trends are robust. This study is intended to identify interesting systems, they should be studied in more detail at higher resolution in the future.
RESULTS
First results from the WD systems that we study have been presented in Dan et al. (2012) . Here we give a more complete overview over the parameter space. We determine the remnant properties at a time of three initial orbital periods after the moment when the donor is fully disrupted and its center of mass cannot be identified anymore. At this point we stop the calculations since the dynamical evolution is essentially over and the changes occur at a much more moderate pace. We illustrate this in Figure 2 for a system of two 0.45 M WDs. Density, temperature and angular velocity are averaged over equipotential surfaces and are shown as a function of the enclosed mass at two, three and four initial orbital periods after the merger moment. The density profile hardly changes during this time span, but numerical dissipation damps out the differential rotation in the core which goes along with a secular increase in the temperature. We repeated this analysis for systems of 0.2 + 0.8 M , 0.45 + 1.0 M and 0.8 + 0.9 M and found very similar results. Figure 3 gives an overview over the morphology for the whole range of mass distributions at the moment when the simulations are stopped (tmerger + 3P0). This is different from Figure 7 in Dan et al. (2012) where the configuration was shown at the moment when the conditions are most promising for explosion. At the merger point about 1% of the system's total mass is flung out into a tidal tail. Most of this material is still gravitationally bound to the central remnant and it will fall back, interact with and shape the outer disk. Systems with a mass ratio close to unity (those near the diagonal dashed line) lead to an almost spherical remnant with little material in the tidal tail, while smaller mass ratio systems (lower right corner of the digram) have a more extended tail.
Remnant profiles
Based on temperature, density and rotation profiles, we can distinguish different regions in the remnant as shown in Figure 4 for a 0.6 + 0.7 M binary system. We identify four main regions of the remnant: a cold (nearly) isothermal core; a hot envelope; a centrifugally supported Keplerian disk and a tidal tail. Fits for the masses of these regions can be found in the Appendix (Eqs. A5 -A8).
The degree of heating experienced by the core is closely related to the degree of mixing of the two stars (discussed in more detail in Sec. 3.3) and increases with the mass ratio. For a mass ratio of q ∼ 0.7 the mass of the core and the disk plus envelope are equal, with the mass of the core decreasing down to 30% of the total mass for a mass ratio of unity, see left panel of Figure 5 . In our simulations, even equal mass cases do not lead to perfectly symmetric remnants. This is because the systems reacts sensitively to even small deviations from perfect symmetry. At some point during the dozens of orbits of inspiral and mass transfer ) a small numerical imperfection can kick-start the (asymmetric) disruption process. Consequently, the two spiral arms that form right after the merger have different sizes, with the smaller one quickly dissipating. Thus the core of the remnant is always a fraction of the star that is not fully disrupted and it is colder than the surrounding region, see Figure 6 . A perfectly symmetric system, however, is a completely academic case and therefore such systems should be considered as only nearly perfectly symmetric. Recent studies of Lorén-Aguilar et al. (2009); Pakmor et al. (2010 Pakmor et al. ( , 2011 Zhu et al. (2013) found that both components are symmetrically disrupted and the higher temperature is located at the remnant's center. We were able to reproduce their results, but only when we started with their approxi- Figure 3 . Column density snapshots taken after a timescale of three initial periods after the merger moment. This corresponds to the moment at which we analyze all merger remnants presented in Table A1 in the Appendix. The 10 snapshots shown here are representative of all white dwarf chemical composition and mass combinations. The horizontal dashed line divides the CO-and He-mass-transferring systems and the diagonal dashed line shows where the masses of the binary's components are equal, ie. the mass ratio q = M don /Macc = 1. During the merger, because the matter coming from the former donor has a high angular momentum and cannot be accreted directly by the accretor, a disk and a tidal tail will form. For the systems with a lower mass ratio q the matter has a larger specific angular momentum causing the disk to spread over a larger distance and a more extended tail. mate initial conditions, neglecting the tidal deformation of the two stars, see Section 2. The right panel of Figure 5 shows the enclosed mass as a function of the radius from the center of the accretor with 1.2 M and donor masses ranging from 0.3 to 1.0 M three initial orbital periods after the merger. The solid black line shows the result from the beginning of mass transfer, at t = 0 s. Comparing the central density of the remnant with that at the moment when mass transfer sets in, we find that it changes by as much as 30%. For low mass ratios the core experiences an expansion as the accretor is heated through shocks while for higher mass ratios the core is compressed by the massive outer material. The hottest region of the remnant is the region between the central core and the surrounding disk. In this region matter is nearly virialized. Up to about 0.1 M (decreasing with increasing mass ratio q) has been accreted prior to the actual merger (Dan et al. 2011) . We distinguish between the disk Figure 4 . The different regions of the remnant are shown here in the density (top left), temperature (top center), angular velocity (top right), enclosed mass (bottom left) and mass fractions along X-(bottom center) and Z-axes (bottom right) profiles for the system with 0.6 + 0.7 M . Here the quantities are SPH-interpolated values along different positive and negative directions with respect to the former accretor's center of mass. We distinguish between the different regions based on the temperature, density and angular velocity profiles. The central region of the former accretor is nearly isothermal and forms the core (cyan region). The outer edge of the core is taken where there is a steep increase in temperature. Its outer regions have been heated up during the mass transfer and at the merger moment and together with a fraction of the matter coming from the donor it forms the hot, thermally supported envelope (light red region). The hot envelope is surrounded by a (nearly) Keplerian disk (light orange region) and a fraction of the total mass is flung out in a tidal tail (light yellow region) that will fallback and reshape the outer region of the disk. (left) Mass of the core (red squares), hot envelope plus disk (green circles) and tidal tail material (blue triangles) as a function of mass ratio q = M don /Macc. The degree of heating experienced by the core is increasing with the mass ratio. The mass of the core and the envelope plus disk are equal at around q = 0.7 with the mass of the core decreasing down to 30% of the total mass for a mass ratio of unity. The mass of the fallback material M fb increases with decreasing mass ratio. Continuous lines are fits to the data, see Eq. A5-A8 in the Appendix. (right) Enclosed mass as a function of radius with respect to the WD center of mass for the remnants with 1.2 M accretor and donor masses ranging from 0.3 to 1.0 M . For low mass ratios the core experiences an expansion as the accretor is heated through shocks while for higher mass ratios the core is compressed by the massive outer material. The degree of heating experienced by the core increases with the mass ratio. However, the central region (core) is always colder than the surrounding region (envelope), even for systems with a mass ratio q of unity.
and the hot envelope based on the angular velocity profile, as shown in the top-right of Figure 4 . The peak temperature is located in the envelope, corresponding fit formulae can be found in the appendix (Eqs. A1 and A2). While the envelope is supported against gravitational attraction mainly by the thermal pressure, the disk is centrifugally supported and much of its material has not been shocked. The disk plus envelope extent increases with the mass ratio for a constant total mass. Additionally, there is a clear tendency to increase the disk plus envelope extent with the total mass for a fixed mass ratio. The disk is fed by the matter in the trailing arm which is still bound to the central remnant. The fallback material has a spiral shape and does not rotate at a Keplerian speed. The amount of matter flung out increases with decreasing mass ratio, see Figure 5 , and with increasing total mass of the system. Assuming this material is ballistically falling towards the central remnant we calculate how much it takes for the matter to circularize (as described in Rosswog 2007) . We find that the fallback time for runs simulated here is ranging from days to years and most of the material will circularize inside the initial radius of the disk. For example for the system with 0.6 + 0.9 M only 3% of the material falling back will circularize beyond the disk. Fryer et al. (2010) computed light-curves for explosions of Chandrasekhar mass WDs surrounded by a debris of material, left after the merger of two massive WDs. They used the merger of a 0.9 + 1.2 M system to constrain the density profiles of the material surrounding the central remnant and found that the density follows an r −4 profile. To account for possible variations in the density profile they also did one calculation assuming a shallower ∝ r −3 profile. In Figure 7 we show the density profiles of the remnant's outer regions for different systems. They all share the same accretor mass of 1.2 M but have different donor masses of 0.3, 0.4, 0.6 (upper panels), 0.7, 0.8 and 0.9 M (bottom panels). We use two different colors to identify the particles formerly belonging to the accretor (blue triangles) and the donor (black dots). The red dashed-line shows the fitted density profile, as steep as r −3.8 for the highest mass ratio binary, while the lowest mass ratio one has a r −3.5 . We observe the same trend over the entire WD-WD parameter space, the profile becomes shallower (ie. value of exponent increases) with decreasing mass ratio and the donor's density, ranging from Figure 7 . Density profiles of the outer region of the remnant as a function of the radius with respect to the former accretor's center of mass for the systems with an accretor of 1.2 M and donor masses between 0.3 and 0.9 M . The blue triangles and black dots are the particles that belong to the former accretor and donor, respectively. The dashed red line is the linear fitted density profile and it ranges from a r −3.8 to r −3.5 . r −3.9 to r −3.3 . As discussed by Fryer et al. (2010) , in a supernova explosion, a shallower density profile will cause the radiation to be trapped for a longer time and the shock breakout will have a lower, later X-ray luminosity peak and longer duration. In the Appendix we provide fit formulae for the maximum angular velocity, ωmax, and the mass inclosed inside of it.
Spin dependence
Since the initial rotational state of a white dwarf binary is not well known and this study is investigating the initially tidally locked systems, it is interesting to ask to which extent the results would change for a different initial spin state. This is of particular relevance with respect to the question where in the remnant a possible thermonuclear ignition could be triggered. The major difference between a tidally locked and a nonrotating binary comes from the fact that in the latter case the stars appear in the binary frame to rotate against the orbital direction and therefore at contact produce a shear layer with a velocity discontinuity of ∆v ∼ 2R * ω orb . In the perfectly co-rotating case, in contrast, the velocities vanish in the binary frame, in reality small velocities occur due to the stars dynamically adapting to the changing gravitational field of the companion. As a consequence, non-rotating stars with their substantially larger shear produce a more pronounced string of Kelvin-Helmholtz vortices that can subsequently merge. This behaviour has been explored in detail in the context of neutron star mergers, see e.g. Ruffert et al. (1996) ; Rosswog et al. (1999) ; Rasio & Shapiro (1999) ; Rosswog & Davies (2002) ; Price & Rosswog (2006) ; Rosswog et al. (2013) ; Zrake & MacFadyen (2013) , but it occurs in a qualitatively similar way also for WD binaries. To explore the spin dependence we set up a binary system with twice 0.89 M and 2×10
5 particles exactly like in Pakmor et al. (2010) and another such system with the same particle number, but in a tidally locked state prepared as described in Dan et al. (2011) . The non-spinning system merges quickly and does not have much time to develop large asymmetries (this may be partially aided by the approximate initial conditions that we apply here for comparison reasons). We find that in carefully relaxed co-rotating systems the merger occurs on a much longer time scale and the final merger is initiated once a small numerical perturbation breaks the perfect initial symmetry. In Figure 8 we compare the two systems at the moments when they are most prone to detonation (t = 130 s for the non-rotating, left panels, and at t = 719 s for the tidally locked case, right panels). Apart from the different morphology one sees the result of the much stronger Kelvin-Helmholtz instabilities for the non-rotating case: pronounced hot vortices form in the high-density core at the interface between the stars. They are also visible as density troughs in the upper-left panel. The corotating case, in contrast, shows that the locations most prone to detonation are at lower densities and temperatures, at the surface rather than the centre of the high-density core. The final density and temperature distributions are shown in Figure 9 , both for XY-and the XZ-plane. Once the Kelvin-Helmholtz vortices have merged, they result in a 'hour-glass' shaped temperature distribution. This is agreement with the findings of Zhu et al. (2013) (and with those for neutron star mergers; Rosswog et al. 2013 ). This comparison illustrates that the spin state has a serious impact on the location where an explosion is likely triggered. Co-rotating systems likely ignite in the surface layers of the remnant core, while in irrotational systems explosions likely come from the central and highest density regions of the core. Therefore, corotating and irrotational systems should differ in the amount of unburnt material, their ejecta velocities and their degree of asymmetry.
Mixing of matter between the binary components
In Figure 10 we show the fraction of the mass that originally belonged to the donor star as a function of the mass enclosed by a common equipotential surface. For mass ratios below q ≈ 0.45, the stars hardly mix at all, while for a mass ratio close to unity maximum mixing occurs. Contrary to Zhu et al. (2013), we never find a complete mixing between the Figure 9 . Dependence of the remnant structure on the initial white dwarf spin. The left column shows the results for the initially non-rotating stars, the right column for an initially tidally locked binary, both stars have 0.89 M . The non-spinning stars merge quickly and develop the hottest temperatures in their core, while the corotating system orbits for much longer until a numerical perturbation finally breaks the symmetry. The hottest regions in this case are the surface layers of the resulting merger core.
two stars. This is due to the different initial spin states (no spin in their study, tidal locking in ours) and it is consistent with the above findings of the spin dependence.
In Figure 11 we investigate how the stars mix chemically.
To this end we plot averages of the mass fractions of the 7 species of our nuclear network over equipotential surfaces for ten selected binary systems. For systems below ∼ 1.0 M burning is negligible and only mixing occurs, see for example the shown 0.4 + 0.6 M system. This is consistent with our later discussion about dynamical burning, see Figure 12 , left panel. Some burning occurs in the outer layers of the 0.55+0.6 M system which transforms He into Si-group elements (magenta line). This matter is finally ejected. As shown below, we find several cases where nuclear energy production contributes substantially to the mass ejection process. For He transferring systems with larger mass substantial burning may occur, the 0.4 + 1.2 M system, for example, burns roughly 0.1 M of He into C. Figure 11 . Mixing of the two stars during the dynamical merger phase. Shown are the mass fractions of different nuclear species for the same systems as above. The mass fractions are averages over equipotential surfaces and plotted against the enclosed mass. The horizontal dot-dashed line shows the transition from CO to He(CO) mass-transferring systems, the vertical dashed lines show the Chandrasekhar mass limit for a white dwarf and the dotted lines show the mass of the accretor. Figure 12 shows the maximum temperatures at the end of the simulations and the densities at which they occur. In the left panel we show the quantities directly as extracted from the simulation, the right panel is similar, but now we use more conservatively the maximum of the SPH-interpolated values of the temperatures, T . For an explicit discussion of this difference, we refer to Sec. 4.1 in Dan et al. (2012) . The figure shows the clear trend that both the maximum temperatures Tmax and the densities where they occur increase with the total system mass Mtot. We have not found such a trend with respect to the mass ratio q, though. The temperatures of the matter in the hot envelope region are typically a good fraction of the virial temperature Tvir = GMaccmp/(3RacckB), where G, mp and kB are gravitational constant, proton mass and Boltzmann constant, respectively. Typically, we find values of Tmax ≈ 0.77Tvir
Dynamical burning and possible detonations
and T max ≈ 0.62Tvir. Dynamical burning and possibly a detonation sets in when matter heats up more rapidly than it can expand, cool and quench the burning processes, i.e. when τnuc τ dyn . Here, τnuc = cpT /˙ nuc (e.g. Taam 1980; Nomoto 1982a ) is the nuclear, τ dyn ≈ 1/ √ Gρ the dynamical timescale and cp is the specific heat at constant pressure (taken from the Helmholtz equation of state). The nuclear energy generation rate˙ nuc is calculated analytically. For CO composition we use (Blinnikov & Khokhlov 1987) 
where qc = 4.48 × 10 18 erg mol −1 , AT 9 = 8.54 × 10 26 T 5/6 9a T −3/2 9 (Fowler et al. 1975) , YC is the 12 C abundance, T9a = T9/(1 + 0.067T9), Q = 84.165 and T9 = T /10 9 K. τnuc,cc is multiplied by the factor Θ = 3T9/(QT 2/3 9a ) to account for the shortening of the reaction time scale due Figure 12 . Left: maximum temperature Tmax and density at maximum temperature ρ(Tmax) for both He (triangles) and CO (squares) mass-transferring systems. Right: maximum of SPH-smoothed temperatures T max and averaged density at the location of averaged maximum temperature ρ( T max), again for both He (triangles) and CO (squares) mass-transferring systems. On each panel color coded is the total mass of the system, Mtot. Also shown are the contours for which the timescale for triple-α reactions τ nuc,3α and the nuclear timescale of carbon burning τnuc,cc are equal or ten times larger than the dynamical timescale τ dyn . τnuc/τ dyn 1 is the condition required to initiate the dynamical burning and potentially trigger a detonation. Figure 10 . Mixing of the two stars during the dynamical merger phase. Shown is the donor mass fraction as a function of the mass enclosed by given equipotential surfaces (scaled to the accretor's initial mass Macc). Ten systems covering the full parameter space of mass and chemical composition (same systems as in Figure 3 ) are shown. The mixing between the binary components increases with the mass ratio, but it never becomes complete even for systems with a mass ratio of unity. This is due to the initially tidally locked spin state (in contrast, Zhu et al. (2013) find for their nonspinning white dwarfs complete mixing for a mass ratio q = 1).
to self-acceleration of burning (Frank-Kamenetskii 1967). The energy generation rate due to the triple-alpha reaction is (e.g. Kippenhahn & Weigert 1990) nuc,3α = 5.09 × 10 11 f3αρ 2 X
where f3α = exp(2.76 × 10
) is the weak electron screening factor (Salpeter 1954; Clayton 1968) , X4 is the mass fraction of 4 He (we assume pure He) and T8 = T /10 8 K.
Focussing on the more optimistic estimates in the left panel of Figure 12 , we see that all He accreting systems with a total mass beyond 1.1 M undergo He detonations. These are roughly the same systems that are expected to produce surface detonations either from instabilities within the accretion stream and/or at the moment first dynamical contact (Guillochon et al. 2010; Dan et al. 2012 ). For He mass-transferring systems, neutrino cooling does not become important in comparison to burning unless temperatures in excess of 5 × 10 9 K are reached (see Figure 2 in Rosswog et al. 2008 ).
For the CO systems, above a temperature of about 6 × 10 8 K (e.g. Yoon et al. 2007 ) the energy released from C-burning is larger than neutrino losses, but these systems never reach the necessary criterion for dynamical burning τnuc,cc τ dyn . However, the conclusion may be different if the WDs carry a thin He surface layer (∼ 1% by mass). Raskin et al. (2011) found He detonations at the surface of the accretor (∼ 1.0 M ) but those were not sufficiently energetic to trigger C ignition. First calculations of the expected electromagnetic display of a SN Ia explosion caused by CO-CO mergers have recently been calculated Fryer et al. 2010) . In both approaches the explosion had been artificially initiated at heuristically chosen locations, the resulting lightcurves and spectra did not match those of the most common SN Ia. Nevertheless, this topic warrants further exploration. Binaries with total masses beyond 2.1 M seem prone to trigger an CO explosion. Those would be natural candidates for the progenitors of supra-chandrasekhar SN Ia (Howell et al. 2006; Howell 2011) , provided they are consistent with producing ∼ 1% of the observed type Ia systems.
Ejected mass
Previous studies of Benz et al. (1990) ; Segretain et al. (1997) ; Guerrero et al. (2004) ; Lorén-Aguilar et al. (2009) found ejected masses of ∼ 10 −3 M . Our large parameter space study is ideal to identify how Mesc depends on q and Mtot. The fraction of ejected mass Mesc, as a function of the mass ratio q, is shown in the left-side of Figure 13 . We consider a particle to be unbound if the sum of its potential, kinetic and internal energy is positive. The fraction of ejecta tends to decrease with the increasing mass ratio q, and ranges between 10 −4 and 3.4 × 10 −2 M . Guerrero et al. (2004) also found a similar trend, though they only investigated a small fraction of the parameter space.
Very little mass leaves the system through the outer Lagrange points during the mass transfer phase, the majority becomes gravitationally unbound during the tidal disruption. At the stage shown in Figure 3 , the unbound fraction does not vary anymore. It is interesting to note that in an appreciable number of cases nuclear burning substantially helps in unbinding material. These systems either go through a hydrodynamical burning phase, such as those with massive He(CO) donors, or undergo substantial nuclear burning as the very massive CO mass-transferring systems with Mtot 2.0 M . Such systems are marked by filled, yellow circles, open circles refer to ejection purely by gravitational torques. The escaping mass from these latter systems can be estimated by means of Eq. A11, see Appendix. Although the fraction of unbound mass is relatively small, it can take up to 12% of the system's total angular momentum, see right-side of Figure 13 , having an impact on the further evolution of the remnant.
Resolution-dependence
We compared our results obtained with 4×10 4 SPH particles with the runs from Dan et al. (2011) obtained using 2 × 10 5 SPH particles, which corresponds to a reduction of the average resolution length by a factor of 5 1/3 ≈ 1.7. The variation between higher and lower numerical resolution runs does not exceed 20% for most of the variables with the exception of Mesc and Lesc. The difference noted in the escape fraction of mass and angular momentum (Mesc and Lesc, respectively) for the 0.6+0.9 and 0.9+1.2 M systems is due the different initial compositions that affect the nuclear burning. For the runs using 2 × 10 5 SPH particles presented in Dan et al. (2011) we used a different chemical composition. WDs below 0.6 M are made of pure He. For M > 0.6 M we have chosen mass fractions X( 12 C) = 0.5 and X( 16 O) = 0.5 uniformly distributed throughout the star, with the exception of the 0.5 + 1.2 M system which has an ONeMg composition, as in the current study. For example, if we take the run with 0.9 + 1.2 M from Dan et al. (2011) we find that the nuclear energy produced by C-burning is about 5 times larger compared to the current study. As discussed in §3.5, the fraction of unbound mass and angular momentum increases for the runs that undergo dynamical burning or substantial burning.
We therefore conclude that our results are not fully con- verged, but the trends we found should be robust. Effects related to nuclear burning may be seriously underestimated due to the low numerical resolutions.
Comparison with other work
While finishing this paper, a preprint by Zhu et al. (2013) appeared, which explores the parameter space of the CO WD mergers. They discuss the structure of similar-and dissimilar-mass mergers and provide detailed information on the remnants' main properties. The differences between our and their calculations are the following: (i) we are using tidally locked stars while they start with non-spinning stars at an initial separation obtained from an estimate of the size of the Roche lobe (Eggleton 1983 ); (ii) we are including feedback from the nuclear burning and (iii) we cover the full parameter space of both He(CO) and CO donors while they focus on the CO donors.
As a proxy to indicate where ignition is most likely, we compare the enclosed mass at the location where T = T max, M ( T max), see Figure 15 (left panel) and the location where the angular velocity is half the Keplerian value, M (ω = ωK /2). This location corresponds to the inner/outer edge of the disk/core in Zhu et al. (2013) , see Figure 15 (right panel). As in Zhu et al. (2013) we are using the density ratio qρ = ρ don,0 /ρacc,0, where ρ don,0 and ρacc,0 are the central densities at the moment when mass transfer sets in for the donor and the accretor, respectively.
In accordance with Zhu et al. (2013) , we found that the fraction of the core that is heated up increases with the . This fit is shown by the red line. To provide a visual aid, few of these systems have been labeled. Right: the fraction of angular momentum contained in material that is unbound in the q − Mtot plane. The amount of ejected mass is tiny, up to 2% of the total mass, but this can take up to 10% of the total angular momentum. The systems that have not been used in the fit Mesc(q) are marked with slightly larger symbols and with a black stroke. Most of the mass is ejected during the tidal disruption, although a small fraction leaves the system through the outer Lagrange points during the mass transfer phase. mass ratio. However, when comparing the location in mass coordinate of the peak temperature our results do not agree.
As we have shown in Section 3.2, the difference between our and Zhu et al. (2013) is caused by the different ICs. In the non-rotating case, the peak temperature occurs closer to the center of the remnant as the mass ratio increases and that for nearly equal-mass components both stars are symmetrically disrupted. In contrast, in the corotating case the locations of maximum temperature are located at the surface rather than the centre of the high-density core. To test the trends obtained by Zhu et al. (2013) , we followed the evolution of six systems with density ratios ranging between 0.1 and 0.8 using non-rotating ICs (represented with black triangles in Figure 15 ). Our results from the runs with non-rotating ICs confirm the results of Zhu et al. (2013) . The location in mass coordinate where ω = ωK /2 is more similar with Zhu et al. (2013) , increasing with the mass (density) ratio, although the function obtained by Zhu et al. (2013) has a steeper slope. This is again attributed to the different ICs as the corotating ICs start with more angular momentum compared to non-rotating ICs. The results for the non-rotating ICs are over-plotted with black triangles and match better the fitted formula of Zhu et al. (2013) . Note that the angular velocity and temperature are averaged differently. In our study they are averaged over equipotential surfaces, while in Zhu et al. (2013) they are cylindrically averaged. Moreover, the enclosed mass is defined differently, in Zhu et al. (2013) within spherical radii, while in our case within equipotential surfaces.
As stated before, it is not well known whether the binary systems realized in nature are synchronized or not. If they are, off centre ignitions at moderate densities (∼ 10 5 g cm −3 ) are likely. If instead they are not synchronized, dynamical burning may start deep in the remnant core, which, due to faster reaction rate, may lead to a more robust explosion mechanism.
APPLICATIONS
Our simulations have direct applications to a number of observed stellar systems and events, such as hot subdwarfs, RCB stars, single massive white dwarfs, supernovae and other transient events.
Hot subdwarfs (Mtot 0.8 M )
Mergers that contain at least one He WD and whose combined mass is larger than ∼ 0.38 − 0.45 M (depending on the mass of the more massive WD; Han et al. 2003) will ignite He, generally in a shell, and experience a series of He shell flashes that propagate inwards (in the case of two He WD) until helium burns in the core (Saio & Jeffery 2000) . During these He shell flashes, the envelope expands and may attain giant dimensions, temporarily resembling an RCB star (Saio & Jeffery 2000; Justham et al. 2011) . Once helium burns steadily in the core (for ∼ 10 8 yr), the merged object will be relatively compact (with a radius ∼ 0.1 R ) and have the appearance of a hot subdwarf. If the mass of the merger product is 0.8 M (see, e.g., Paczyński 1971; Iben & Tutukov 1985) , the object will remain compact after He core burning and ultimately become a WD, a hybrid HeCO WD with a substantial He envelope (Iben & Tutukov 1985) .
The merger of two He WDs is believed to be the main channel to produce single sdB stars with a typical Galactic formation rate of 0.1 yr −1 (e.g. Tutukov & Yungelson 1990; Nelemans et al. 2001; Han et al. 2003) . If the merger involves one (or possibly two) HeCO WDs, the merger product will generally be more massive and hotter. These merger products are excellent candidates for He-rich sdO stars (Stroeer et al. 2007; Justham et al. 2011 ) and may make up up to ∼ 10 % of the subdwarf population (Nelemans et al. 2001; Justham et al. 2011) . Interestingly, Stroeer et al. (2007) find that He-rich sdO stars come in different varieties and can be C and/or N-rich, perhaps indicating different merger histories. Merger products that contain a CO core and a He-rich layer and have a mass larger than ∼ 0.8 M will expand and become He giants (Paczyński 1971; Iben & Tutukov 1985) . This is believed to be the main channel to produce extreme He stars (EHe stars) and RCB stars (Webbink 1984; Iben & Tutukov 1985) . Our simulations show that there are at least two different channels to produce such objects with very different chemical profiles and surface abundances. The merger of a He + CO WD (the "classical" channel to produce RCB stars with an estimated Galactic birth rate of ∼ 0.01 yr −1 ; e.g., Iben et al. 1996; Han 1998) leads to a He-shell burning star with a massive He envelope but low C and O abundance. In contrast, the merger of a CO WD and a HeCO WD (and possibly the merger of two HeCO WDs) produces an object with a large surface overabundance of C and O (see Figure 11 ). This may explain the large observed abundances of C and O in EHe stars (Pandey et al. 2001; Saio & Jeffery 2002 , and to a similar, but somewhat lower extent in RCB stars;) without requiring extreme mixing in the progenitor of the CO WD on the asymptotic giant branch (cf. Herwig 2000; also see Menon et al. 2013 ). Indeed, different merger histories could account, at least in part, for the apparent differences in the surface abundances of EHe and RCB stars (see the discussions in Pandey et al. 2001; Saio & Jeffery 2002 ).
RCB and

Massive single white dwarfs (Mtot 1.4 M )
The merger of two CO WDs with a combined mass below the Chandrasekhar limit is expected to lead to the formation of a single CO white dwarf, (assuming that carbon is not ignited in the merger event; see § 4.5). The resulting WD may be substantially more massive than any CO WD that can form from a single star (∼ 1.1 M ). An excellent candidate is the rapidly rotating WD RE J0317-853 (Barstow et al. 1995) which appears to have a mass close to the Chandrasekhar mass (Külebi et al. 2010) . RE J0317-853 is also one of the most magnetic WDs known. This could be a direct consequence of the merger process in which differential rotation may drive a magnetic dynamo amplifying any seed magnetic field (also see Tout et al. 2008 ).
Helium detonations and sub-Chandrasekhar explosions (Mtot 1.4 M )
Many of our simulations that contain a He-rich WD achieve conditions in the ρ -T plane where helium may be expected to detonate (see Fig. 12 ). This can lead to a rather bright explosion and could easily be mistaken for a faint supernova (Nomoto 1982b) . Indeed, as such detonations produce elements similar to a SN Ia, they may resemble a faint SN Ia and are therefore sometimes referred to as SNe .Ia (Bildsten et al. 2007 ). The main difference is that the underlying CO white dwarf is likely to survive. On the other hand, if the helium detonation drives a sufficiently strong shock into the CO core, this could trigger a second detonation near the core, a carbon detonation, which would then destroy the whole white dwarf and produce a SN Ia-like event.
Such double-detonation models are a possible scenario for sub-Chandrasekhar SNe Ia (Woosley & Weaver 1994; Fink et al. 2010) . Even though such double detonations are only likely to occur for the more massive merger products (see Figure 12 ), they are sufficiently common that they could easily produce a large fraction, if not all, SNe Ia. One problem with this scenario is that the simulated spectra ), using standard assumptions, are too red to be consistent with observed SNe Ia. However, Kromer et al. (2010) also show that this problem could be solved if the He layer contained a large amount of carbon (∼ 34 % by mass). Interestingly, this is close to the C abundance found in our simulations in the outer He-rich layer if the merger involves a hybrid HeCO WD (see Figure 11 ), perhaps providing some support for the Kromer et al. (2010) suggestion.
CO + CO WD mergers: SN Ia or AIC
The mergers of two CO WDs with a total mass above the Chandrasekhar mass limit is one of the main channels to produce a Type Ia supernova (SN Ia) (Iben & Tutukov 1984; Webbink 1984) . However, it has been argued that in the WD merger scenario off-center C burning transforms the CO WD into an ONeMg WD that will undergo accretion induced collapse (AIC) to form a neutron star (Nomoto & Iben 1985) . Yoon et al. (2007) found (cf. § 3.4) that there may be some parameter range for which neutrino cooling prevents the conversion of the CO WD into an ONeMg WD; in this case, carbon will be ignited in the center, leading to a SN Ia, ∼ 10 5 yr after the merger itself.
In the case of nearly equal mass CO WDs, where both WDs are disrupted and merge, C may detonate in the merging process ). In our simulations, unlike those by Pakmor et al. (2010) , this is only likely to happen for the most massive WDs (see Figure 12 ) because of the different initial assumed WD spins (see the discussion in § 3.2). The most massive mergers (with Mtot 2.1 M ) may detonate during the merger and therefore are potential candidates to explain the so-called super-Chandrasekhar SN Ia explosions, which are much brighter than normal SNe Ia (e.g., SNLS-03D3bb, Howell et al. 2006 ). As such massive systems will be rare, this would naturally explain their low observed frequency.
Hybrid supernovae (Mtot > 1.4 M )
Our simulations also include cases where the combined mass exceeds the Chandrasekhar mass but does not involve two CO WDs. In cases, where at least one of the WDs contains a He-rich layer, it is possible, perhaps even likely, that the He detonates leading to the ejection of this layer (see Figure 12 and § 4.4) . In cases where the post-merger object remains above the Chandrasekhar mass, it will ultimately experience a SN (e.g. Iben & Tutukov 1985) , either a thermonuclear explosion (if C is ignited in the centre) or core collapse (in the case of an ONeMg core). This may give rise to new types of supernova events. For example, in the case of the collapse of an ONeMg core to a neutron star with a significant He layer, the explosion would technically be a core-collapse supernova, but as such explosions (initiated by the capture of electrons onto Ne and Mg Nomoto 1984) are expected to be weak (Podsiadlowski et al. 2004; Kitaura et al. 2006) , most of the explosion energy may come from He burning, i.e., be thermonuclear in nature. Such hybrid supernovae (observationally classified as a weak SN Ib) are potential candidates for the class of "Ca-rich" SNe Ib (such as SN 2005E Perets et al. 2010 as the burning conditions are likely to favor the production of intermediate-mass elements (e.g. Waldman et al. 2011) 1 . Ca-rich SNe as a class are preferentially found in the outer parts of galaxies, far away from star-forming regions, implying old and possibly metalpoor progenitor systems (Yuan et al. 2013 ). This could be consistent with a merger origin if the merger requires a long time delay to bring the systems into contact.
The merger of a CO and ONeMg WD could be another hybrid SN, where the ONeMg core may collapse but carbon may or may not detonate. Depending on the details, this could lead to either an unusual SN Ia or a (faint?) SN Ic. Such mergers will be rare but should exist in nature.
SUMMARY
In this paper, we have investigated the merger properties of more than 200 WD-WD systems covering a large range of WD mass and chemical compositions. We have determined the structure of the WD remnants as a function of the total mass and the mass ratio of the binary. We distinguish between four main regions: a cold core surrounded by a hot, thermally supported envelope, a Keplerian disk and a tidal tail. The degree of heating experienced by the accretor is closely related to the degree of mixing of the two stars, both increasing with the mass ratio. Consequently, the fraction of the accretor that remains cold (core) tends to decrease with increasing mass ratio while the fraction of mass outside this region (combined mass of the hot envelope and the centrifugally supported disk) tends to increase with the mass ratio. Systems with lower mass ratio have more total angular momentum and as a result more mass is flung out in a tidal tail. Most of this material will fall back at a later time onto the disk.
However, the remnant's structure is strongly dependent on the nature of the initial conditions. We made a detailed comparison with the previous parameter study of CO masstransferring systems of Zhu et al. (2013) and found that the differences in the remnants' structure are due to the different initial conditions. When using the non-rotating initial stars as in Zhu et al. (2013) , we found that for nearly equal mass mergers both stars are symmetrically disrupted and the location of peak temperature is at the remnant's center. With our corotating initial conditions the location of peak temperature is close (within 15 %) to the surface of the former accretor. The initial conditions are also responsible for the difference found in the rotational profiles, the corotating the initial conditions lead to more angular momentum in the central remnant compared to the non-rotating the initial conditions. Little mass is ejected, between 10 −4 and 3.4 × 10 −2 M as the mass ratio decreases. However, this can take up to 12 % of the system's total angular momentum having an impact on the post-merger viscous evolution. In an appreciable number of cases, nuclear burning has a substantial impact on ejected mass. These systems undergo substantial nuclear burning, such as those with massive He(CO) donors or the very massive CO mass-transferring systems with Mtot 2.0 M .
We investigated whether hydrodynamical burning can occur after the merger moment. Many of our simulations (Mtot 1.1 M ) that contain a He-rich WD achieve the conditions required to trigger a He detonation. These are roughly the same systems that are expected to produce surface detonations either from instabilities within the accretion stream and/or at the moment first dynamical contact (Guillochon et al. 2010; Dan et al. 2012) . Further viscous evolution could possibly increase the region of parameter space in which one expects a detonation to occur (Schwab et al. 2012) . The He-detonations may resemble a SN Ia, but in this case the underlying CO white dwarf can survive. If the He shock can trigger a second detonation in the CO core, then the whole white dwarf is disrupted and will produce a SN Ia-like event.
For our CO mass-transferring systems only the most massive mergers (Mtot 2.1 M ) may detonate. These systems are potential candidates to explain the so-called superChandrasekhar SN Ia explosions, which are much brighter than normal SNe Ia. However, even systems with lower masses may still be prone to an explosion long after the merger if the post-merger object remains above the Chandrasekhar mass (e.g. Iben & Tutukov 1985; Yoon et al. 2007) and C is ignited in the centre. Alternatively, off center ignition of C burning transforms the CO WD into an ONeMg WD that will undergo accretion induced collapse (AIC) to form a neutron star (Nomoto & Iben 1985) .
Finally, we provide to the astrophysical community a large database containing thermodynamic and rotational profiles to be used for subsequent stellar evolution studies. The data from our large simulation set can be downloaded from www.hs.uni-hamburg.de/DE/Ins/Per/Dan/wdwd_remnants. In order to aid further comparisons, the general remnants properties are tabulated, see Table A1 in the Appendix.
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APPENDIX A: POLYNOMIAL FITTING FUNCTIONS
We provide approximate formulae for M (Tmax), M ( T max), M (ωmax), M (ω k /2), Mcore, Menv, M disk , M fb , and Mesc as a function of q and Mtot, valid for the entire parameter space under study, ie. both He and CO mass-transferring systems.
To measure the goodness of the fit of the estimated equations we use the R 2 statistic, defined as the ratio of the sum of squares of the residuals and the total sum of squares. R 2 can take values between 0 and 1 and the closer is to 1 the better the fit. For example, an R 2 value of 0.7 means that the fit explains 70% of the variance.
having an R 2 goodness-of-fit of 0.75 and 0.85, respectively.
with R 2 equal to 0.6012.
The R 
with R 2 equal to 0.97, 0.88, 0.78 and 0.8, respectively. In order to compare with Zhu et al. (2013) we also provide the fitting formula for M (Tmax) and M (ω = ωK/2) with respect to qρ = ρ don,0 /ρacc,0 and Macc, where ρ don,0 and ρacc,0 are the initial central density of the donor and accretor, respectively, for the systems with CO donors. For additional information about our comparison with Zhu et al. (2013) , see Section 3.7.
with R 2 equal to 0.45 and 0.73, respectively. This rational polynomial for the unbound fraction of mass Mesc as a function of Mtot and q was obtained by excluding most of the systems that reach, or are very close to the conditions for dynamical burning (as obtained in Dan et al. 2012 ), see Figure 13 where we marked these systems.
APPENDIX B: SUMMARY OF WHITE DWARF MERGER REMNANTS
Detailed instructions how to read the data in the remnant structure profiles made available through www.hs.uni-hamburg.de/DE/Ins/Per/Dan/wdwd_remnants are included on the website.
The quantities presented in the following table are: P0 is the initial orbital period in seconds; Tmax is the peak temperature and T max is the SPH-smoothed peak temperature, both in units of 10 8 K; ρ(Tmax) and ρ( T max) are the densities at the location of Tmax and T max, respectively, in units of 10 3 g cm −3 ; ρmax is the peak density in units of 10 6 g cm −3 ; M (Tmax) and M ( T max) are the enclosed mass at the location of peak temperature Tmax and T max, respectively, in units of M ; ωmax is the peak value of the averaged (over equipotential surfaces) angular velocity and M (ωmax) is the corresponding location in mass coordinate. M ω k /2 is the location in mass coordinate where the angular velocity equals half the Keplerian value. Mcore, Menv and M disk are the masses of the central (isothermal) core, the hot envelope and the (nearly) Keplerian disk, respectively, in units of M ; M fb is the mass of the tidal tail that is falling back onto the central remnant in units of 10 −2 M ; Mesc is the escape fraction of mass in units of 10 −3 M ; Lesc is the fraction of angular momentum contained in material that is unbound. Enclosed masses are computed with respect to the accretors center of mass and defined within equipotential surfaces. Table A1 : Summary of the runs performed for this paper. Continued on next page. . . Table A1 -Continued The structure and fate of WD merger remnants 21 Table A1 -Continued The structure and fate of WD merger remnants 23 
